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Wednesday, February 6, 2013 609aDespite continuous progress in understanding structure-function relationships
in platelet integrin aIIbb3, there is still limited understanding of the roles of di-
valent metal ions in ligand binding and outside-in signaling. Ligand-bound
aIIbb3 crystal structures have provided evidence for a direct interaction be-
tween the ligand and a Mg2þ ion in the b3 bI MIDAS domain. We recently pro-
vided crystallographic evidence for a novel mode of ligand binding through
displacement of the Mg2þ from the MIDAS. Experiments also suggest that:
i) both Ca2þ and Mg2þ can support fibrinogen binding to aIIbb3, ii) Ca2þ
may inhibit the aggregation-induced release reaction that is supported by
Mg2þ, and iii) Ca2þ can bind to the MIDAS of the recombinant isolated b3
bI with higher affinity than Mg2þ. Notwithstanding these observations, there
are no b3 integrin crystal structures in which the MIDAS is occupied by
Ca2þ, and Mg2þ occupancy of the MIDAS is only obtained in crystals that
are prepared in buffers containing supraphysiological concentrations of this
ion. To provide quantitative estimates of the relative affinities of Mg2þ and
Ca2þ for the MIDAS under physiological conditions, we carried out ion binding
free-energy calculations of the closed aIIbb3 headpiece using a free-energy
perturbation approach based on classical all-atom molecular dynamics simula-
tions. Specifically, a total of ~2 microseconds of independent simulations in
which we slowly turned off the Hamiltonian describing the Mg2þ (or Ca2þ)
ion in solution or in the MIDAS were performed to estimate the ion preference
for this site. The results of these simulations suggest almost equivalent binding
affinities of Mg2þ and Ca2þ for the MIDAS which we used to derive the occu-
pancy of the MIDAS by these ions at different concentrations, including their
physiologic plasma concentrations.
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Signal transduction is essential for many biological processes, such as mitosis,
cell regeneration, and muscle contraction. Muscle-Specific Kinase (MuSK) is
in a complex with low-density lipoprotein receptor-related protein 4 (LRP4),
and upon binding of the substrate Agrin to LRP4, conformational changes of
these proteins initiate a signalling cascade, stimulating aggregation of acetyl-
choline receptors (AChRs), which results the downstream organization of neu-
romuscular synapses. Mutations and/or autoantibodies against MuSK affects its
ability to aggregate acetylcholine receptors, resulting in the disease myasthenia
gravis, which is characterised by impaired muscle contractions. Approximately
70% of the structure of the full-length MuSK protein has been determined (con-
sisting of the most of the extracellular domain and the intracellular kinase do-
main). However, crucially the transmembrane domain has not been
characterised, and the structure of the transmembrane dimer that MuSK forms
has not been determined. Here we apply a multi-scale MD simulation method to
examine at the behaviour of MuSK TM helices in a lipid bilayer vs. a detergent
micelle environment. Coarse-grained (CG) simulations, which make an ex-
tended timescale readily accessible, are used to examine initial TM helix
dimerisation events. Subsequent atomistic simulations serve to refine the model
of the interactions observed in CG simulations. These computational studies
highlight the effect of lipids vs. detergents on the interactions of the transmem-
brane helices within the dimer.
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Focal adhesion kinase (FAK) has elicited great interest because it is essential
for embryonic development, and is implicated in cancer metastasis and heart
disease. FAK is a highly versatile multidomain nanomachine that controls
adhesion-dependent cell motility, survival, and proliferation. FAK has different
functions in different cellular compartments. For example at focal adhesions,
FAK regulates integrin signaling in a kinase-dependent manner, whereas in
the nucleus it exerts kinase-independent anti-apoptotic effects. Although
FAK plays a major role in human health and development, the structural mech-
anisms regulating its activity and subcellular localization remain unclear. Using
x-ray crystallography, small angle x-ray scattering, biochemical, and functionalanalyses, we provide first structural insights into full-length FAK. We show
how the interplay between FAK’s several domains controls site-specific activ-
ity of FAK. By regulating these interactions, ligands localized at focal adhe-
sions synergistically promote FAK activation. Our results reveal how FAK
detects the coincidence of multiple signals to generate an environment-
specific outcome.
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Focal adhesion kinase (FAK) is a key component of the ECM-to-cytoskeleton
signaling pathway triggered by mechanical stimulation. FAK’s C-terminal fo-
cal adhesion targeting (FAT) domain, which binds to the LD motifs of the scaf-
fold protein paxillin, localizes FAK to focal adhesions. Phosphorylation of
FAT’s Y925 promotes association between FAK and GRB2, activating the
Erk2/MAPK pathway. Results of equilibrium and mechanically loaded MD
simulations on FAT, bound at its two hydrophobic patches by LD motifs, are
presented. Equilibrium simulations reveal that (i) FAT’s N- and C-terminal
tails shield Y925 from solvent exposure and (ii) FAT exhibits no proclivity
for unfolding or loss of tertiary structure required for Y925 phosphorylation.
Conversely, applied loads pull these tails away from Y925 and assist FAT’s
a-helix 1 unfolding. Thus, the degree of
H1 unfolding provides a demonstration of
a mechanism for Y925 phosphorylation un-
der moderate loads over timescales ineffec-
tive in exposing Y925 in the absence of
load. This provides a novel, atomically de-
tailed illustration of mechanotransduction
across a single protein-protein interac-
tion–FAT/paxillin LD motif–at physiologi-
cally relevant load levels and time scales,
all while mimicking mechanical con-
straints imposed by focal adhesions.3137-Pos Board B292
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MUC1 is a heterodimeric protein consisting of two subunits: the N-terminal,
heavily glycosylated subunit, and the C-terminal transmembrane subunit.
The C-terminal subunit (MUC1-C) is made up of a cytoplasmic tail, a trans-
membrane domain (TMD) and an extracellular domain which interacts non-
covalently with the N-terminal subunit (MUC1-N). MUC1 is expressed on
the apical borders of most simple secretory cells and is thought to play a role
in immune defense and anti-adhesion. Overexpression of MUC1 is shown to
be involved in increased metastatic behavior of cancer cells and is considered
a marker indicating poor prognosis in breast cancer patients. The MUC1-C sub-
unit has been shown to form homodimers. Homodimerization of MUC1 is re-
quired for its nuclear localization and subsequent interactions with various
nuclear transcription factors. Such interactions are known to promote the
production of proteins involved in cell proliferation and survival signals. The
cytosolic domain of MUC1-C contains a membrane proximal cysteine-
glutamine-cysteine (CQC) motif that has been suggested to be involved in
MUC1 dimerization. However, its role in dimerization is still unclear. Cur-
rently, we are evaluating the role of the CQC motif in the dimerization of
the MUC1 TMD and MUC1-C. Our goal is to obtain structural information re-
garding the MUC1 homodimer and the physical principles driving dimerization
of MUC1 in the plasma membrane.
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Depression is a major public health problem, and existing treatments are fo-
cused on alleviating the symptoms rather than addressing the etiology of the
disease. To understand the fundamental neurobiology of depression, it is nec-
essary to elucidate the signaling pathway of hormones and neurotransmitters.
Recent studies suggest that lipid rafts can facilitate selective protein-protein
interactions by excluding or including proteins and thereby modulating
610a Wednesday, February 6, 2013neurotransmitter signaling. While protein targets for many drugs are well-
characterized, drug effects on membrane lipids, which are responsible for reg-
ulating signaling, are less clear. We used small angle neutron scattering, a novel
technique to study phase separation in small (100-30 nm) vesicles made from
mixtures of lipids, to study the effect of antidepressants on model raft forming
lipid mixtures. Using as our staring point the raft-mimicking lipid mixture:
1:1:1 DOPC:DPPC:Cholesterol, we systematically replaced cholesterol with
the drug Escitalopram and its clinically-inactive isomer, Rcitalopram. Escitalo-
pram and Rcitalopram differ only by their opposing chiralities; the former is an
effective antidepressant drug while the latter, Rcitalopram, is not. There is
a clear difference in the behavior of domain size and composition when choles-
terol is replaced by both Escitalopram and Rcitalopram, however, these
changes are similar. These results suggest that drugs like Escitalopram do affect
the membrane environment, potentially facilitating drug action, but ultimately,
Escitalopram’s chirality is important for protein interaction.
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Type 2 diabetes is characterized by a loss of normal pancreatic beta-cell func-
tion and mass. In beta-cells, tyrosine kinase Fibroblast Growth Factors Recep-
tors (FGFRs) modulate insulin processing, fatty acid metabolism and cell
survival. However, a deeper understanding of mechanisms that regulate func-
tion of these receptors will be necessary to use this pathway therapeutically.
We have recently identified beta-cell expression of Fibroblast Growth Factor
Receptor-like 1 (FGFRL1), a newly-identified member of the FGFR family.
FGFRL1 shares the canonical extracellular domain of FGFRs but uniquely ex-
hibits a short C-terminal histidine-rich zinc-binding domain rather than intra-
cellular catalytic kinase domains. Zinc is a second messenger normally found
at picomolar concentration in the cytosol that mediates phosphatase activity
to regulate Mitogen-Activated Protein Kinase (MAPK) signaling. We deter-
mined that FGFRL1 co-localizes with insulin secretory granules where zinc
accumulates at micromolar concentrations. We therefore postulate that
FGFRL1 alters beta-cell MAPK signaling by chelating zinc and regulating
its intracellular concentration. To measure intercellular zinc, we imaged living
murine beta-cells expressing full-length and truncated fluorescent protein var-
iants of FGFRL1 co-labeled with cell-permeable zinc indicators FluoZin-3 and
RhodZin-3. Our data confirm that FGFRL1 reduces free intracellular zinc via
the unique histidine-rich region. We further show that zinc induces FGFRL1
receptor dimerization at the cell membrane using homo-fluorescence resonance
energy transfer (Homo-FRET) imaging. Dimerization of FGFRL1 and associ-
ation with insulin secretory granules suggest receptor activity is tightly regu-
lated by zinc and likely associated with glucose-stimulated insulin secretion.
Elucidating novel signaling mechanisms that regulate FGFR-activity in beta-
cells will improve our understanding of how this pathway can be used therapeu-
tically to treat diabetes.
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The cytokines Interleukin-4 (IL-4) and IL-13 provide cues for many
important immune functions and their upregulation is associated with disorders
like allergy and asthma. Signaling requires ligand mediated dimerization of
single-pass transmembrane receptors. We recently established epithelial
HEK293T cells as a model to characterize ectopically expressed IL-4R sub-
units with single- and dual-color fluorescence correlation spectroscopy [1].
Here we report an improved experimental setup employing hexahistidine spe-
cific dyes and demonstrate for the first time ligand-induced IL-4R complex
formation in a native plasma membrane. Furthermore, we quantified the two-
dimensional affinity constants for all three combinations of receptor dimers
with 120 (IL-4:IL-4Ra/IL-13Ra1), 510 (IL-13:IL-13Ra1/IL-4Ra), and 825(IL-4:IL-4Ra/IL-2Rg) receptor molecules per mm2. However, considering
physiological surface expression levels of several 100-1000 receptor molecules
per cell, such low affinities challenge the traditional view that signaling produc-
tive complexes self-assemble in significant numbers in the plasma membrane.
Instead, we mount several lines of evidence that signal transduction requires the
accumulation of the receptor subunits within a novel class of early endosomes.
These cortical signaling endosomes are stably anchored within the actin cortex
just beneath the plasma membrane and carry markers of both the early sorting
(EEA1, Rab5) and recycling compartments (Rab11). The IL-4R subunits show
Rac1/Pak-dependent trafficking from the surface into these endosomes with
a time constant of 6-9 min. Using fluorescence lifetime imaging / Fo¨rster res-
onance energy transfer (FLIM/FRET) microscopy, we could demonstrate
ligand-dependent complex formation within the cortical signaling endosomes.
Importantly, specific inhibition of the endocytosis machinery with drugs abro-
gates both receptor trafficking and phosphorylation of the downstream signal
transducer STAT6. In summary, our findings suggest a unique thermodynamic
function for endocytosis upstream of JAK/STAT pathway activation.
[1] Weidemann, T., et al. (2011) Biophys. J.101: 2360-69.
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Receptor nanoclustering prior to ligand activation is rapidly emerging as an
essential feature common to most cell membranes. Yet, the mechanisms gov-
erning this distinct spatial patterning and functional role are still poorly under-
stood. We used a combination of biochemical and advanced biophysical
techniques, including optical superresolution and single particle tracking, to in-
vestigate the spatiotemporal organization of DC-SIGN, a pathogen recognition
receptor that homo-oligomerizes in-vitro. We found an intrinsic nanoclustering
capacity of DC-SIGN (ca. 180 nm in size) far beyond basal tetramerization,
which strictly depended on its molecular structure. DC-SIGN nanoclusters ex-
hibited Brownian diffusion on the cell membrane with values of the order of
102 mm2/s. Truncation of the neck region, known to abrogate tetramerization,
significantly reduced nanoclustering and concomitantly increased lateral diffu-
sion. Importantly, DC-SIGN nanocluster dissolution compromised DC-SIGN
binding to nanoscale size pathogens. As such, our results underscore a direct
relationship between spatial nanopatterning, driven by intermolecular interac-
tions between the neck regions, and receptor diffusion to provide DC-SIGN
with the exquisite ability to dock pathogens at the virus length-scale. We sug-
gest that protein-protein interactions facilitated by structural molecular motifs
might represent a so far underestimated but general mechanism to pre-organize
receptors on the cell membrane for efficient action under stimulated conditions.
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Red blood cells are among the most intensively studied cells in natural history,
elucidating numerous principles and ground-breaking knowledge in cell biol-
ogy. Morphologically, red blood cells are largely homogeneous, and most of
the functional studies have been performed on large populations of cells, mask-
ing putative cellular variations. We studied human and mouse red blood cells
by live-cell video imaging, which allowed single cells to be followed over
time. In particular we analysed functional responses to hormonal stimulation
with lysophosphatidic acid, a signalling molecule occurring in blood plasma,
with the calcium sensor Fluo-4. Additionally, we developed an approach for an-
alysing the calcium responses of red blood cells that allowed the quantitative
characterisation of single-cell signals. In red blood cells, the lysophosphatidic
acid-induced calcium influx showed substantial diversity in both kinetics and
amplitude. Also the age-classification was determined for each particular red
blood cell and consecutively analysed. While reticulocytes lack a calcium re-
sponse to lysophosphatidic acid stimulation, old red blood cells approaching
clearance generated robust lysophosphatidic acid-induced signals, which still
displayed broad heterogeneity. We revealed the intracellular signalling from
the lysophosphatidic acid receptors to the calcium channels.
